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Objective: Sufficient amounts of basic medical materials and high-end medical equipment
are required for epidemics. This study aims to investigate and determine the key risks and
main factors influencing China’s high-end medical equipment innovations using a SWOT
(Strengths, Weaknesses, Opportunities, Threats) matrix. Then, on the basis of findings and
relevant literature concerning the development of China's high-end medical equipment in
recent years, especially during the COVID-19 period, we put forward strategies for the
development of and innovations in high-end medical equipment for China, based on an
analytic network process ANP-SWOT model.

Methods: In this study, a comprehensive ANP-SWOT analysis model was selected to
examine the current state of development of the high-end medical equipment innovation
industry in China. First, a SWOT model was used to comprehensively analyze the internal
and external factors influencing the development of the industry. Then, an ANP network
structure was designed to accurately reflect the relationships among the influencing factors.
Subsequently, weights for the influencing factors were determined according to the impor-
tance of the factors, and alternative choices for China’s strategy for high-end medical
equipment innovation were presented.

Results: The results revealed that the essential features of the best strategy for the innova-
tion and development of China’s high-end medical equipment industry were as follows: first,
speeding up the construction and improvement of a technological innovation system that is
enterprise-dominated, = market-oriented, and involves joint  industry—university
research; second, a greater focus on increasing the financial support for research and
development and industrialization; and third, strong government support through taxes,
medical insurance, promotion of talent, and appropriate land usage.

Conclusion: Strong governmental support through taxes, medical insurance, promotion of
talent, and land usage is required to ensure rapid development of the high-end medical
equipment industry in China.

Keywords: ANP-SWOT model, high-end medical equipment, innovation, risk, policies

Introduction

China’s medical equipment market has developed rapidly in recent years. The
average annual growth rate has been estimated at approximately 15%, which is
far higher than the international growth rate of 5%.' According to the 2020 China
Medical Equipment Green Book, by the end of 2019, there were 18,000 industrial
production enterprises and the market scale had reached 800 billion yuan, compared
with 214.8 billion yuan in 2010. However, at the same time, the outbreak of
COVID-19 has brought about new opportunities for the innovative development

Received: 16 March 2021
Accepted: 2 June 2021
Published: 19 July 2021

Risk Management and Healthcare Policy 2021:14 3037-3056 3037
© 2021 Thang and Rao. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallable at https://www.dovepress.com/
BY NC /

terms.php and incorporate the Creative Commons Attribution — Non Commercial (unpnrted v3.0) License (http:// by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, prowded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-4168-0298
mailto:weirao@mail.ipc.ac.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Zhang and Rao

Dove

and export of medical apparatus and instruments. In 2020,
China’s total exports of medical apparatus and instruments
reached 28.702 billion US dollars, with a year-on-year
growth of 21.46%. In addition, the proportion of high-
end products in China’s export of medical apparatus and
instruments increased, the quality and benefit of products
have been improved continuously, which has better
adapted to the demands and complex changes of interna-
tional market, and has withstood the test of increasing
trade friction.’

Public health crises represent a severe test for national
public health crisis governance.® However, recently, weak-
nesses in China’s high-end medical equipment industry
have been exposed. It has become evident during the
COVID-19 epidemic that elderly people with weak
immune systems are susceptible and high-risk groups,”
and the need for high-end medical equipment to assist
such people has been highlighted. With the intensified
restraints that the United States has placed on China, the
high-end medical equipment industry in China has faced
greater challenges in relation to science and technology.’
Therefore, when inspecting the scientific research for the
prevention and control of COVID-19 in Beijing on
March 2, 2020, President Xi Jinping pointed out that

we should accelerate the improvement of the weak links of
China’s high-end medical equipment; speed up the tack-
ling of problems in key technologies; and break through
the bottleneck of technology and equipment in order to
realize the autonomous and controllable development of
high-end medical equipment.

These basic tasks have clear objectives and will have
profound impacts on the development of the high-end
medical equipment industry in China. However, in-depth
research on the risks of and solutions for industry devel-
opment remains lacking.

In the existing research, there is insufficient in-depth
and systematic analysis on this important topic. It is urgent
to understand the core problems affecting China’s high-
end medical equipment innovation and their root causes
based on a clear analytic model. In addition, it is essential
to seek effective solutions for enhancing the competitive-
ness of China’s high-end medical equipment as soon as
possible.

In a SWOT analysis, S indicates strength, W stands for
weakness, O denotes opportunity; and T indicates threats.°
Since SWOT analysis was developed in the 1950s, it has
been widely used as a method to comprehensively analyze

the internal and external environments influencing various
research topics. We adopt a SWOT analysis in the present
study to achieve a comprehensive, systematic, and accu-
rate analysis of the research situation. We supplement the
SWOT analysis with an analytic network process (ANP),
which is an extension of analytic hierarchy process and is
used to solve situations in which the structures of decision
problems exhibit dependence and feedback relationships.
On the basis of the results of the ANP-SWOT model, we
examine the key risks and development strategies for
China’s high-end medical equipment innovations, and put
forward relevant policy suggestions.

This paper conducts a SWOT analysis of China’s high-
end medical equipment innovations. Then, we undertake
a strategic analysis of the innovation and development of
China’s high-end medical equipment based on an ANP-
SWOT model, including the SWOT matrix analysis, and
provide step-by-step policy recommendations.

SWOT Analysis of China’s High-End
Medical Equipment Innovations
Development Strengths of High-End
Medical Equipment Innovations in China

(S)
(1) Developing its high-end medical equipment industry
and focusing on related key technologies through
a national system would be of significant advantage to
China. As an example, we consider extracorporeal mem-
brane oxygenation (ECMO) equipment (commonly known
as artificial lungs), which can play a significant role in the
treatment of critically ill and respiratory patients. The
demand for this high-end medical equipment has soared
during the COVID-19 epidemic. However, the develop-
ment of this type of technology began relatively late in
China. Prior to the epidemic, China had accumulated
ECMO technology and developed some equipments. For
example, Shandong Magnetic Bearing Engineering
Technology Research Center spent more than 10 years
developing its ECMO prototype and had completed
departmental in-vitro experiments.”> However, there was
a lack of proprietary branding and core technology.
During the epidemic, China made a rapid breakthrough
in the development of ECMO by virtue of the coordination
abilities of its national socialist system.

(2) Influential industry giants in China seized the win-
dow provided by the epidemic and rapidly increased the
market shares of their products. For example, Mindray has
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become China’s largest and the world’s leading supplier of
medical apparatus, instruments, and solutions. During the
epidemic, the market share of the company’s respirators
successfully surpassed that of imported brands and it
became the top supplier in China during the first half of
2020 through the realization of high-end medical equip-
ment innovations. In addition, as the largest manufacturer
of oxygen generators and respirators in China, Yuwell has
benefited from increased demands during the epidemic.
(3) Government departments attach great importance
to and strongly promote the integration of medicine
with engineering. Recently, the People’s Republic of
China (PRC) has actively built public service platforms
to continuously improve the research capacities of high-
end medical equipment through technical support and
industry services. It did so under the guidance of the
Health
Development and Reform Commission, the State-

National Commission, the National

owned Assets Supervision and Administration
Commission of the State Council, other ministries and
commissions of the PRC, along with the basic public
service platform for industrial technology under the
Ministry of Industry and Information Technology of
China and the

Economy Institute. In addition, the industrialization of

Instrumentation Technology and
high-end medical equipment and the construction and
applications of big data service platforms have been
actively promoted to achieve resource aggregation and
sharing. In this regard, the Ministry of Industry and
Information Technology and the China Association of
Medical
“Medical Equipment and Key Parts and High-end

Equipment jointly released the manual

Medical Equipment Industrialization and Applications
of Big Data Service Platforms”.’

(4) China’s main investors in high-end medical equip-
ment are greatly diversified, and many large private enter-
prises are now involved. We found that as a result of policy
support and a larger number of high-end medical equipment
companies investing in science and technology innovation,
the main investors in the medical equipment industry have
become more diversified. The investors include not only
medical device companies, but also large pharmaceutical
such as and  Jointown

companies, Sinopharm

Pharmaceutical Group; Internet companies, including

Alibaba, Tencent, and Baidu; and advanced manufacturing
enterprises, including Midea, Gree, and Haier, which have

manufactured various types of medical equipment.

Weaknesses of High-End Medical
Equipment Innovations in China
(W)

The Development of Medical Apparatus
and Instruments Commenced Late in
China, and the Domestic Market Was

Monopolized by Multinational Companies
China’s high-end medical device market has long been
monopolized by foreign enterprises. The monopolization
by big brands owned by foreign-funded enterprises has not
only led to high prices for medical equipment and services,
but has also resulted in serious patent barriers. Moreover,
there are major risks that the daily data on physical exam-
inations and diagnostic imaging of Chinese people will be
disclosed to other countries.® Due to the complexity of high-
end medical equipment technology, major investments in
(R&D),
difficulties,” China’s high-end medical industry started late

research and development and replacement
and it continues to lag behind multinational companies.
Objectively speaking, a major gap exists between foreign
and Chinese high-end medical equipment enterprises in
regard to product quality, scale, and efficiency. According
to the China Association of Medical Equipment, seven of the
top 10 enterprises in China are multinational enterprises. In
2020, the China Association of Medical Equipment issued
“Notice on the Recommendation of Urgently Needed
Medical Equipment for COVID-19 Outbreak Control” five
times in succession. In relation to respirators, defibrillators,
and medical imaging, the proportion of foreign enterprises
recommended as suppliers in the list was relatively high.'”
The scale of China’s market for respirators is gradually
increasing, but the market share of locally made respirators
remains low. In addition, the strategic supplies of ventilators
are considered to be insufficient. Further, it is revealing that
only one of the seven ECMO suppliers is a Chinese enter-
prise, indicating that the monopoly of emergency equipment
by multinational enterprises has not completely changed." It
has proven difficult for China’s domestic high-end medical
equipment industry to enter the government procurement list,
and the procurement gates of a Grade III Level A hospitals.

A Shortage of Core Technology and
Components for High-End Medical
Equipment

Medical equipment provides weapons to fight illness and
protection for medical staff, who are in the first line of
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defense during an epidemic. During the fight against the
epidemic in 2020, China’s domestic first-aid equipment,
respirators, in-vitro diagnostic equipment, and other high-
end medical devices were mainly in short supply when
urgently needed. The situation was characterized by weak
technology development, inadequate reserves, low produc-
tion capacities, and shortages of key parts. There were
major problems related to domestic respirators, in that
both domestic noninvasive and invasive respirators were
dependent on the import of key parts for production. The
majority of domestic respirator manufacturers in China are
mid-stream manufacturers of main frame respirators, for
which the main raw materials and key parts, such as turbo
compressors, sensors, and chips, are imported from
Switzerland, the United States, Japan, and Germany. This
dependence on imported components negatively affected
China’s ability to rapidly increase respirator production.

Domestic high-end medical device producers have
experienced shortcomings in terms of support and follow-
up services. When problems have arisen in relation to equip-
ment and hardware facilities, domestic enterprises have
found it difficult to formulate immediate emergency
solutions.'® As noted above, ECMO medical devices play
a significant roles in the emergency treatment of severe
COVID-19 patients. These devices involve a relatively com-
plex and high-risk technology. They require a very high
medical resource allocation and are characterized by high
treatment costs. But compared with other cardiopulmonary
bypass products, ECMO could provide longer time for treat-
ment and recovery for cardiopulmonary failure patients, so
ECMO has been applied to the rescue of critical patients for
many times in this COVID-19 outbreak. The equipment is
very expensive to use during non-epidemic periods and is
not frequently selected as a treatment choice. Owing to
multiple factors, including technology thresholds, clinical
application restrictions, and market demand, China still
lacks enterprises capable of producing ECMO equipment
throughout the entire industrial chain.

Weak Innovation Abilities of Enterprises
and Insufficient Joint Innovations Among
Different Subjects

The characteristics of high-end medical device develop-
ment—namely long investment cycles, large investment
costs, and high risks—mean that the development of
such products is dependent on large, long-term capital
investments. European and American high-end medical

equipment enterprises are mainly large multinational
enterprises. Their primary sources of investment funds
are the leading groups within the medical device industry
and governments.

One of the characteristics of high-end medical devices
is that the sales volumes tend to be small. Although the
prices of such devices are relatively high, sales revenues
may be low or sporadic. Class III medical devices gener-
ally need to go through 4-7 years of R&D processes
before a product goes on the market. During these testing
periods, tens of millions of yuan in funds are required, and
the capital and time input for developing an original pro-
duct is generally double what may have been expected.
Therefore, the R&D expenditures can become a heavy
burden for an independent R&D unit producing Class III
high-end medical devices.

In addition, original high-end medical equipment must
be supported by basic research. The vast majority of
enterprises are weak in terms of their independent R&D
capabilities, and do not attach great importance to the
advanced nature of medical devices. Such enterprises are
reluctant to invest in R&D. They prefer to focus only on
short-term business interests'? and are generally weak in
anti-risk capabilities. In 2016, the expenditure by Chinese
enterprises as a proportion of China’s total basic research
expenditure was only 3.2%, which was far lower than that
of enterprises in the United States (25.8%), Japan (46.7%),
and South Korea (57.7%)."* In addition, because these
enterprises had not engaged in basic research for a long
period of time, it was almost impossible for them to
develop original high-end medical equipment. At present,
a considerable number of companies are limited to playing
the role of sellers or agents of advanced medical equip-
ment for developed Western countries.

Some of China’s current regulations exclude enter-
prises from undertaking basic research endeavors.
Enterprises can only rely on universities and scientific
research institutions to participate in basic research funded
by the National Natural Science Foundation of China.
These regulations are in sharp contrast to those faced by
companies in Japan, the United States, and South Korea.
In 2020, many large state-owned and private enterprises
announced investments in the high-end medical equipment
industry. However, they do not yet understand the long-
term nature and R&D laws of the industry.

The lack of joint innovations among different subjects
and the lack of strong knowledge ties between key orga-
nizations tend to affect the institutional stability of the
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innovative medical equipment network. During the epi-
demic, some cutting-edge technologies were successfully
combined with medical devices in application scenarios,
such as disinfection robots and artificial intelligence (Al)
medical imaging assisted diagnoses. However, at the pre-
sent time, medical institutions and equipment manufac-
turers in China are mainly engaged in buying and selling
relationships, with few carrying out medical trials and
cooperative product development processes. In addition,
factors such as China’s special scientific research system,
the existence of lags before China’s local medical equip-
ment meets international standards, and difficulties in
overseas financing, are expected to have negative impacts
on the development of joint international innovations.

The majority of high-end medical device enterprises in
China are small- and medium-sized enterprises (SMEs).
There is an urgent need to provide support for SMEs and
reduce their financial risks through financial innovations.
Medical institutions should have key roles in developing
high-end medical equipment innovations. However, at the
present time, medical devices and new technology are still
in a state of separation, in that “those who understand
technology do not understand medicine, and those who
understand medicine do not know how to apply new
technology”."*

Because doctors are evaluated by the number of patients
they have treated and the number of papers they have
published, they tend to work long hours, causing physical
and mental exhaustion. Currently, Chinese medical institu-
tions cannot participate effectively in the application of
clinical technology through a joint innovation process.
Moreover, manufacturing enterprises have encountered
practical difficulties in participating in the joint innovations
of the high-end medical equipment supply chain.'*

Low Technological Transformation Rates
of Scientific Achievements in Research

Institutes

Although some research institutes have great advantages
in conducting scientific research, the technique transfor-
mation rate is low. At present, the transformation rate of
scientific and technological achievements in China is very
low, at only 5%. In recent years, the number of invention
patents in China has increased significantly, such that
China is ranked first in the world in this regard.
However, the transformation rate is low, at approximately
10% on average, which is far lower than average of 30%

to 40% in developed countries. In addition, the transfor-
mation rate of biomedical achievements in China has
remained steady at approximately 5%,'” and China’s
level of development in this regard is considered to be
relatively backward when compared with other countries.
Furthermore, there is no real equivalent of the U.S.” Bayh—
Dole Act in China. Bayh—Dole Act act was proposed by
US senators Birch Bayh and Robert Dole. It was passed by
Congress in 1980 and amended in 1984. Later, it was
incorporated into Chapter 18, Part 35 of the Law Code
(Patent Law), entitled “patents for federally funded inven-
tions.” Bayh—Dole Act has created a new realm of coop-
eration between technology and venture capital industry in
the US The purpose of the bill is to encourage universities
to carry out academic research and actively transfer
patented technology, promote the development of small
enterprises and promote industrial innovation by giving
universities and non-profit research institutions the right
to apply for and own the patent of inventions funded by
the federal government.! In China, any graduates with
excellent medical qualifications tend to work in multina-
tional companies and sell high-end medical equipment
rather than engaging in new R&D. As a result, the
Chinese Academy of Sciences and other scientific research
institutes have experienced a serious “brain drain” in
recent years, with important talented individuals transfer-
ring to multinational enterprises. This has resulted in wea-
kened R&D abilities for the existing medical enterprises.

Although the “Law of the PRC for Promoting the
Transformation of  Scientific and  Technological
Achievements”, based on the benchmark of the Bayh—
Dole Act, was formally implemented on October 1,
1996, it has not achieved the desired effects. Over the
years, scientific research institutes or universities have
been limited either by the fear of losing state-owned assets
or by the existing assessment system, and have failed to
adequately invest in the transformation of science and
technology. In the past, whereas China’s scientific research
achievements were focused on high-end research and
applications, China’s industries were focused on the mid-
dle- and low-end product range. This has resulted in an
enormous gap between scientific research and industry.
Under China’s current science and technology evaluation
system, researchers are mainly evaluated in terms of
papers published and projects won. Although the state
has issued policies to encourage researchers to start their
own businesses, there are many links, long cycles, and
uncontrollable risks in technology transformation from
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the source mechanisms to practical, mature products.
Often, scientific research institutions cannot provide ade-
quate platforms and support. Therefore, there have been
few successful cases of scientific research driving
entrepreneurship.

Conversely, many positive cases of the successful
transformation of scientific and technological achieve-
ments by scientific research institutes have been reported.
In February 2017, the Laboratory of Cryobiology of the
Technical Institute of Physics and Chemistry at the
Chinese Academy of Sciences developed innovative med-
ical instruments, including the cryobiosurgical system and
the disposable sterile cryobiosurgical ablation needle,
which can be used for clinical cryotherapy of certain
solid tumors. Within 10 years of the development of the
prototype, the institute had successively transferred the
technology to a medical device company, and the device
was China Food

approved by the and Drug

Administration.

Development Opportunities
Presented by High-End Medical

Equipment Innovations in China (O)
The medical device industry is a strategic science and
technology industry related to national public health
safety, which is at the high end of the value chain and
the core of the industrial chain. Currently, new generations
of biological, informational, and manufacturing technolo-
gies are rapidly converging in the field of medical equip-
The
equipment has become a prerequisite for the restructuring

ment. international competitiveness of medical
of the global value chain. The integration of the various
emerging technologies for medical equipment provides
opportunities for countries that developed later to catch up.

National Policy Support for High-End
Medical Equipment

In recent years, the central government of China has been
actively supporting the domestic medical equipment indus-
try. In the 12th Five-Year Plan for 20102015, large med-
ical equipment devices were listed in the critical area of
“cultivating and developing strategic emerging industries”.
In addition, the “Made in China 2025” ( ([ #ili&
2025) ) policy initiated by the State Council in
May 2015 mentioned that, in terms of biomedicine and
high-performance medical devices, improvements should
be made in the innovation abilities and the level of

industrialization of medical devices. Focus was placed on
the development of imaging equipment, medical robots,
and other high-performance medical equipment.'® As
pointed out in the 2016 Outlines on National Strategy for
Innovation Driven Development ([ ZZ 6151 9K 5l & & ik i
Y B,
(RJET- ) related to long-term development and
national security should be strengthened by the implemen-
tation of forward-looking plans for basic research.
Furthermore, efforts should be increased in major basic
research and strategic high-tech research in bioscience and
other fields to realize security, autonomy, and controllabil-
ity of key technologies. In the 13th Five-Year Plan (|-=
TURERI)
“high-performance medical devices” were included, listed
as one of eight fields of “high-end equipment innovation
and development projects”. Furthermore, in recent years,
the central government and local governments have issued
a series of policies to promote the substitution of domestic
products for imported ones. Such policies have included
optimizing registration and approval processes, scientific
research subsidies, selection of domestic products as eli-
gible for medical insurance, and encouraging hospitals’
usage of domestic products as a priority. In 2019 alone,
19 innovative medical devices were approved, including
positron emission tomography and magnetic resonance

imaging.

China’s Science and Technology Plans in

Major Fields of Medical Equipment

During the period of the 13th Five-Year Plan, the Ministry
of Science and Technology established a digital diagnosis
and treatment equipment R&D project, which aimed at
seizing the opportunities presented by a new round of the
scientific and technological revolution in the field of
health. The goal was to systematically strengthen China’s
abilities to address problems related to the core compo-
nents and key technologies of 10 major strategic products.
These included multimodal molecular imaging and large
radiotherapy equipment used in early diagnosis detections,
accurate diagnosis processes, minimally invasive treat-
ments, and accurate treatments according to the principle
of whole-chain deployment. Then, through integrated
implementation and focusing on breaking through
a number of leading-edge technologies, improvements in
testing technology could be promoted, and the integration
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of innovation chains and industrial chains could be suc-
cessfully accelerated in China’s medical device industry.
After many years of development and accumulation,
China’s domestic medical devices have been greatly
improved from the aspects of equipment performance
and stability, scientific and technological content, opera-
with
imported products have gradually narrowed and the pace

tion experience, and serviceability. The gaps
of the localization of high-end medical devices has accel-
erated. The Proposal of the CPC Central Committee on
Formulating the Fourteenth Five-Year Plan for National
Economic and Social Development and the Long-range
objects for the year 2035 ( rhALr e Tl B K&
DAL 2 R RS VYA TR — O = F4F i 5% H

PRI ),
cerning innovation-driven, high-quality development dur-
ing the next 5 years, reached its resolution on March 11,
2021 at the fourth session of the 13th National People’s
Congress. It is certain that China will plan improvements
in relation to additional major medical device categories to
further progress its independent control of high-end med-
ical equipment. It is expected that the advances in the
medical device industry will usher in a period of “golden

opportunity”.'”

Threats/Risks to High-End Medical

Equipment Innovations in China (T)
This section will explore the threats and sources of risk to
innovation in high-end medical equipment in China based
on the key stages in the whole life cycle of such
innovation.

Weak R&D Abilities of Enterprises Facing

Diversified Markets

Although it has long been a goal to substitute domestic
products for imported products, the situation has recently
changed. Although secondary innovations have enabled
the domestic medical devices industry to achieve partial
autonomy, this has only addressed the short-term survival
needs of the enterprises. As a result, medical device firms
have not been able to expand beyond low-end manufactur-
ing until recently. Therefore, policy support for import
substitution can potentially ensure that some domestic
medical device enterprises possess a share of the market.
However, to ensure their longer-term survival and compe-
titiveness, these firms will need to face changing market
demands and ensure they have the capacity for continuous

innovation and transformation that is urgently required by
domestic medical device enterprises.

The trade friction between China and the United States
began after China’s initial success in developing its high-
end domestic medical equipment industry. The United
States seized on the high-tech weakness of China, first
by punishing ZTE, and then repeatedly curbing Huawei.
Moreover, the United States announced plans to impose
additional tariffs on China in the fields of high-
performance medical devices, biomedicine, agricultural
machinery and equipment, and industrial robots.
Therefore, in this context, enterprises that had been weak
in terms of their R&D capabilities faced competitive,

diversified markets. To survive in this context, they were

which defines the strategic thinkingos@8y to break through technological barriers, which then

enhanced the autonomy and sovereignty of the domestic
medical equipment industry. In this new context, the firms
in the high-end medical equipment industry had to review
their risk management for their entire production pro-
cesses, including undertaking risk analyses during the
identification stage and risk evaluations after identifica-
tion, implementing control measures for the identified
risks, and designing operation strategies for remaining
risks that could not be controlled.

Lag Times in Registration and Price
Approval Processes Lead to Long Clinical
Application Cycles for Some New
Medical Equipment Products with the
Main Responsibility for Equipment Safety
Held by the Regulatory Department

The approval timeframes for drugs and medical devices
are lengthy and involve many steps. This has been a major
problem in the past for the medical industry. Even now, it
commonly takes 2 to 3 years to complete the registration
of a new high-end medical device, from the product appli-
cation and registration to the final registration certificate.
In some cases, the process may take 4 or 5 years, or even
longer.

The majority of high-end medical devices are classified
as Class III medical devices, and the registration of such
devices is approved by relevant national departments.
Each year, a large number of products are submitted for
approval in China, and the disciplines involved are com-
plex. However, the number of reviewers is very limited,
and the approval system lacks inspection equipment,
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personnel, and standards for innovative products. Often,
therefore, the registration and inspection of medical
devices is delayed, and may take years to complete.
Some enterprises are reluctant to develop new products
because of the requirement to commit to 1-2 years of
clinical trials and to invest several million yuan in funding.
In February 2014, the State Food and Drug Administration
of China issued the “Special Approval Procedure for
China’s Innovative Medical Devices (Trial)”, which pro-
posed setting up a “green channel” for the approval of
innovative medical devices to give priority to such
The State and the
Development and Reform Commission required that the

devices. Council National
collection of drug inspection fees and medical device
product inspection fees cease from April 1, 2017.'®
However, free inspections have exacerbated the congestion
phenomenon.

Unfortunately, the product registration processes were
not made any easier, even with special approval.® In addi-
tion to the lack of sufficient reviewers, the unclear
approval standards and some redundant links were impor-
tant reasons for the continued long delays in registration
and approval. At the present time, there is no clear stan-
dard for the review and approval of medical devices invol-
ving new technologies.

In accordance with the relevant regulations, clinical
trials of medical devices should be reviewed by the ethics
committee of the testing institution. The ethics committee
of a hospital usually holds a meeting every 2 to 6 months,
and there are a limited number of experimental projects
reviewed at each meeting. To improve the timeliness of the
reviews, some enterprises have been required to absorb
added costs and build public relations through interperso-
nal networks.

Even if an enterprise obtains a product registration
certificate, because the medical services of China’s non-
profit medical institutions are priced following government
standards, the public hospitals must determine the charges
for new medical devices by applying to the local price,
health, and social security departments. Currently, owing
to the differences in prices and medical insurance policies,
the implementation of price audits varies among different
regions.

Some companies have successfully acquired the rele-
vant technology for high-end emergency medical equip-
ment through overseas mergers and the equipment
development have then localized. However, it will still
take to obtain domestic

several years registration

certificates for the devices to sell them within China. The
aforementioned companies are required to export the
equipment to the United States and then import it back
to China. As a result of the tedious and long approval
process, some enterprises have given up on selling in the
domestic market and focused on expansion in overseas
markets. Even if the products of some companies have
been registered in the European Union and the United
States, clinical trials are required in China if the companies
wish to sell their products in China. In contrast, the major-
ity of foreign brands do mnot encounter such
requirements.'” The long approval times make it difficult
for some companies to convert the technology in which
they have invested large amounts of capital, which some-
times results in bankruptcy.

Due to China’s late start in the medical device industry,
along with insufficient technology precipitation and accumu-
lation, the majority of the industry’s enterprises are small in
scale and cannot bear high costs. In response to the sudden
outbreak of COVID-19, the National Medical Products
Administration launched an emergency review, introduced
more timely approval procedures for medical devices, and
approved a large number of medical devices required for
epidemic prevention and control. However, the problems of
the long approval cycles for innovative medical equipment
have not yet been fundamentally solved.

New medical devices are required to pass the price
approval processes of government departments before
they can be entered into the list of approved hospital
charges and be purchased by hospitals. However, the
promotion of innovative medical devices, particularly
products originating overseas, is a rather long process.
For example, enterprises need to deal with the price
approval processes of each province separately. It often
takes more than 3 years for a series of processes to be
completed, such as the necessary understanding of the
products by the doctors, recognition of the products, and
approval of the capital budget and bidding procurement
by the relevant hospital. These multiple steps mean that
enterprises receive no income from newly listed products
in the first few years, which is often untenable for SMEs.
Even after entering the list of approved charges, there is
a lack of uniform pricing standards, with domestic
devices generally priced much lower than imported
products.

Because the localization of medical equipment in
China remains limited, the domestic market (for example,
hospitals and medical personnel) is highly dependent on
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multinational companies and products. Consequently, as
multinational companies have strong marketing abilities
and public hospitals continue to ignore cost effectiveness
and use imported equipment, some high-quality domestic
products remain difficult to procure locally. Although the
state has issued a number of policies to encourage the
purchase of domestic high-end medical devices, there con-
tinues to be a “glass door” phenomenon in the actual
bidding processes.

Lack of regulation after medical

equipment comes on the market

The increasing number of adverse events associated with
medical device in China in recent years reflects the lack of
risk management, which is an important source of risk in
high-end medical equipment innovation in China.

In China, the risk management processes for drugs are
relatively mature. However, the majority of medical device
companies only submit risk management documents at the
time of registration. Essentially, such companies do not
carry out risk management processes after production,
which results in increased likelihood of adverse events
being associated with the medical device.”°

As an embedded management method, risk management
needs to play a role in the entire process of a medical enter-
prise’s product, including designs, changes, deviations, com-
plaints, and inspection, both internal and external, of defects.
In addition, because of the lack of security measures for the
Internet of Things devices, medical devices connected to the
Internet can easily become the targets of hackers, which
presents major security risks. On the one hand, medical
equipment is often related to the personal safety of patients.
On the other hand, hackers can potentially steal private
medical information as the medical devices are connected
to hospital network systems. Therefore, prior to approving
products entering the global market, the FDA (Food and
Drug Administration) considers the network security levels
as an important factor and provides relevant guidance. Given
this, the security of medical data generated by medical equip-
ment in China should also be worthy of attention.

Government centralized procurement is
restricted by distributor monopolies in
the sales channels and shortages in the

domestic medical equipment market
Previously, sales of medical equipment in China were domi-
nated by distributors. The distributors monopolies provided

opportunities for price profiteering, which resulted in exces-
sively high pricing of medical devices. Whereas in the United
Kingdom and Germany, pricing methods are based on govern-
ment regulation or medical insurance systems, Chinese med-
ical equipment manufacturers retain independent pricing
power. They are required to publicize the product information
on the procurement platform of different provinces, and then
medical institutions purchase devices listed on the platform.
However, the actual operation of the bidding and procurement
on the network is quite complex. For example, purchasers
must often deal with bidding and procurement offices, as
well as industry and commerce departments, food and drug
administrations, hospital leaders, doctors, and other decision-
makers. In addition, similar processes need to be repeated in
each province. Moreover, the middle multi-layer dealer net-
works, as well as the small and scattered dealer networks from
manufacturing enterprises to hospitals, may resist supervision.

To address these issues and break dealer monopolies,
a centralized governmental procurement for medical
devices may be a solution. For example, in 2020, the
government’s centralized procurement of domestic heart
stents reduced their price by 90%. However, the localiza-
tion rate of heart stents was very high and the market was
mature. At present, these preconditions for centralized
procurement do not exist in other areas.

Strategic Analysis of the Innovation
and Development of China’s High-
End Medical Equipment Based on an
ANP-SWOT Model

Analysis Method
The main decision-making steps in our ANP-SWOT
model were as follows.

1. A SWOT model was used to identify the factors
influencing the development of China’s high-end
medical equipment industry; formulate the strategic
alternatives for the development of medical equip-
ment; and establish the ANP structure model, as
shown in Figure 1. The development of China’s
high-end medical equipment was regarded as the
overall goal of the ANP model. The internal and
external factors contained in the four factor sets of
the SWOT analysis were taken as the criterion layer
of the model, and the strategic alternatives formu-
lated by the SWOT matrix were used as its scheme
layer.
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Figure | ANP-SWOT structure model.

(2) Through an expert evaluation process, a pairwise
comparison matrix was constructed. Comparisons of the
paired elements, including their importance under the con-
trol criterion, were conducted. The relative importance
values were determined using a Saaty 1-9 scale, as
detailed in Supplementary Table S1. In addition, the

experts’ judgment preferences were required to pass
a consistency test. Then, the maximum eigenvalue Amax
of the pairwise comparison matrix and its corresponding

eigenvector @ was calculated as follows:

CI = Apax —n/n — 1

a

CR =—
RI

where CI represents the index of the degree of incon-
sistency, RI is the average random consistency index, set
according to the order n of the judgment matrix
(Supplementary Table S2), and CR indicates the consis-

tency ratio of the pairwise judgment matrix. When CR <
0.1, it is considered that the judgment matrix is consistent,
and the calculated © is acceptable However, when CR >
0.1, the judgment matrix should be appropriately modified.

(3) The eigenvectors corresponding to the maximum
eigenvalues of the judgment matrices are calculated to
obtain the weights of the judgment objects.

In accordance with the internal and external factors
influencing the development of China’s high-end medical
equipment industry, a SWOT analysis matrix was con-
structed, as detailed in Table 1.

On the basis of the current situation, under a specific
environment of “demand plus innovation” forefronting the
development of the industry, the next decade will be
a golden age of innovation for domestic medical devices.
To assist China’s high-end medical equipment industry to
innovate more efficiently and avoid any innovation traps,
we put forward the policy suggestions below.

Policy Suggestions Under the Strength
and Opportunity (SO) Mode

Tackling key scientific and technological problems under
a new national system should be combined with interna-
tional cooperation and local initiatives. Focus should be
placed on the common key technologies of medical equip-
ment and collaborative and integrated innovations in med-
icine, research, and enterprise, and technological
applications should be actively promoted. High-end med-
ical device innovations cannot be “built behind closed
doors” and China needs to keep pace with the global
technology frontier. Therefore, we suggest that interna-

tional capital operations should be encouraged under the

https:
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Table 1 SWOT Analysis Matrix for the Development of China’s High-End Medical Equipment Industry

Strength

Weakness

Tackling of key problems related to science
and technology under the national system;
Industrial and medical integrated innovations,
and cooperation between large hospitals and
enterprises in regard to clinical verifications
and scientific research;

More diversified industrial investors;

Emergence of some influential industry giants

Domestic market is monopolized by
multinational companies;

Shortages in core technology and parts;
Weak innovation abilities of the enterprises;
Joint innovations among different subjects is
insufficient;

Transformation rates of scientific and
technological achievements in scientific

research institutes are low

Opportunities

SO

WO

National policy support;
Layout of 14th Five- Year Plan includes the

major fields of medical equipment

Tackling of key scientific and technological
problems under the new national system
should be combined with international
cooperation and local initiatives;

Priority should be given to the purchase of
high-quality domestic products, with the
government hopefully strengthening
centralized purchase processes;

New medical technology innovations brought
into the medical insurance management

process as a priority

Speed up the construction and improvement
of the enterprise-dominated, market-oriented,
industry and university research combined
with technological innovation systems;
Increase financial support for research and
development and industrialization;

Strong governmental support through taxes,

medical insurance, talent, and land usage

Threats

ST

WT

Long registration cycles and review processes
for newly developed medical equipment;
Under the negative effects of trade friction,
enterprises have weak research and
development abilities in the face of diversified
markets;

Lack of supervision of medical equipment
after entering the market;

Centralized government procurements are
restricted by the dealer monopolies and the
lack of marketization for domestic medical

equipment

Strengthen investments in research and
development and encourage investment and
acquisition processes in order to strengthen
weak links;

Provide professional services for the
technological innovations of small- and
medium-sized enterprises with the support of
a technical service platform;

Develop supporting industries;

Align with international standards to improve

standards and regulations

Deepen the reform processes of the product
reviews and approval systems and open up
some socialized reviews and approval links;
Start risk management activities in the entire
life cycles of high-end medical devices and set
up risk management teams;

Highlight the main responsibilities of
enterprises and strengthen the detections of
adverse events after the high-end medical
equipment enter the market

joint enterprise constructions of “One Belt and One Road”

Disabled Persons’

Federation, Chinese Academy of

and “Going Global”. In addition, capital mergers and
acquisitions should be undertaken to aid adoption and
understanding of new technologies to assist in ultimately
achieving independent R&D and production capacities in
China. At the same time, local initiatives should receive
appropriate attention. With the support of representatives
from the Ministry of Science and Technology, Ministry of
Health, China National Medical Products Administration,
Ministry of Civil Affairs, Health Department of General
Logistics Department of PLA, Ministry of Education,
China Association for Medical Devices Industry, China

Sciences and other relevant member units of the alliance,
after the establishment of China Medical Device Industry
China Industry Technology Innovation Strategic Alliance
in Beijing on June 17, 2009.?' The operation strategy and
practical experience of such Alliance can be learned from
Chengdu, Shanghai and Zhejiang’s experience in estab-
lishing a medical equipment industry innovation alliance,
in which regional enterprises, institutions, and investment
and financing institutions in the field of medical devices
were successfully connected. **** As a result, the integra-

tion of industry, university, and research applications was
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promoted, with coordinated development of the upstream
and downstream industries within the region. In this way,
the clinical trials and achievements in transforming med-
ical equipment products could be accelerated, with the
goal of building a 100 billion yuan high-end medical
equipment industry cluster.

Priority should be given to the purchase of high-quality
domestic products, with the expectation that the government
will strengthen centralized purchases. The current “Selection
Catalog of Excellent Domestic Medical Equipment
Products” is only utilized as a reference for local procure-
ments and has not been promoted nationwide. It is suggested
that incentives be increased and hospitals that give priority
to purchasing domestic high-quality products be given pre-
ference in regard to medical insurance and other aspects.
Such measures will assist SMEs to survive and grow.

Bringing new medical technology innovations into the
medical insurance management processes is an important
priority. China has not yet implemented universal medical
insurance, and it will take many years for new medical
technology to be included in medical insurance processes.
Until recently, new medical technology was a self-paying
medical item, which greatly affected the applications of
new medical technology and the viability of such products
for enterprises. In the future, it is expected that innovative
medical technology will be prioritized in medical insur-
ance management processes after 2 years of clinical appli-
cations, to enhance the market competitiveness of
innovative medical device firms.

Policy Suggestions Under the Mode of
WO (Weaknesses and Opportunities)
China should speed up the construction and improvement
of enterprise-dominated technological innovation systems.
The
dominated, market-oriented,

construction and improvement of enterprise-

joint  industry—university
technological research innovation systems should be
enhanced to speed up these processes. Given that, at pre-
sent, some upstream raw materials and key components
used in the production of high-end medical equipment are
dependent on imported materials, it is vital to continuously
strengthen investments in R&D, as well as upstream joint
industry—university research. If such measures are under-
taken, it is likely to promote breakthroughs and the reali-
zation of a transformation in China’s industry from
imitation to innovation. However, the learning and master-
ing of core technology through investment and acquisition

should be encouraged, with the goal of realizing coopera-
tive and iterative innovations on that basis.'

Medical and industrial collaborative innovations are an
important means of compensating for the shortcomings of
China’s high-end medical equipment industry. Since the
outbreak of COVID-19, the Ministry of Industry and
Information Technology of China has repeatedly deployed
high-end medical equipment to address these shortcom-
ings, emphasizing the close integration of medical equip-
ment R&D and clinical application processes, and
promoting engineering responses to key problems related
to the medical treatment equipment.*

However, it is necessary to standardize and accumulate
the industrial and application data concerning design, pro-
duction, clinical usage, and maintenance of medical equip-
ment, to give full play to the industrialization and
applications of big data service platforms for high-end
medical equipment and to realize data interconnection.
Therefore, it is urgent that China catches up with the
new trends in high-end medical device technology, accel-
erates the applications of Al, and applies for characteristic
invention patents. China has made advances in the treat-
ments of gastric cancer, liver cancer, and other specific
diseases involving genetic susceptibility. Therefore, it is
considered that through the deep learning of Al, differen-
tiation advantages can be accumulated.

A key policy tool is to increase financial support for
R&D and industrialization processes. Currently, SMEs are
the most innovative enterprise groups in China. Therefore,
we suggest that financial support for R&D and industria-
lization should be increased. In addition, industrial devel-
opment funds, government equity investment funds, and
other financial innovations should be established, and gov-
ernment industrial funds be utilized for investment gui-
dance. Further, more public funds should be invested in
the field of high-end medical devices to alleviate the
financing difficulties of SMEs, and to encourage such
enterprises to increase their R&D investments. In addition,
we suggest that the sustainability of subsidies for R&D
into innovative domestic products should be maintained by
further increasing the number of special fund subsidy
programs and enhancing the scientific and technological
competitiveness of domestic enterprises.

The policy of strengthening government support
through taxes, medical insurance, promoting talent, and
appropriate land usage should not be overlooked. To rea-
lize the independent and autonomous domestic production
of medical devices and achieve quality levels that match

3048

Dove!

Risk Management and Healthcare Policy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang and Rao

those of international products, it is important that the
government provide strong support through taxes, medical
insurance, promotion of talent, and the provision of capital
and land. This will provide the basic preconditions for the
development of China’s high-end medical device industry,
in addition to improving the innovation abilities of domes-
tic enterprises.

As the development of China’s medical device industry
began late compared with that of other countries and it
lacks large producers, major support will be required. We
suggest that the industry associations should take the lead
in solving the problems related to attracting and retaining
talent, listing and financing, equity incentives, market
applications, domestic base construction, and so on. At
the same time, support should be given to leading enter-
prises in driving international cooperation in high-end
medical services and related supporting industries by mak-
ing use of domestic and foreign resources.?

We recommend that support for high-level talent should
be enhanced to lay a solid foundation for innovation and
development. As the development of original high-end med-
ical devices requires a large number of highly skilled work-
ers, and the time cycles from project approval to income are
often very long, it has limited appeal for high-level talents.
Moreover, the various conditions for SMEs impose restric-
tions. However, with the rapid changes in the international
situation, returning to the Chinese mainland is increasingly
more appealing to highly talented workers. We suggest that
government departments should introduce various policies to
address the concerns of high-level talent, so that they can
assist SMEs to achieve important breakthroughs in technol-
ogy accumulation.

Another important issue is the reduction of the tax
burdens of technology SMEs. The sales value-added
taxes of products with a high technology content and
high added value could be given preferential treatment to
reduce the tax burden of science and technology SMEs.
Furthermore, appropriate preferential treatment should be
given to such enterprises in relation to the rental of pro-
duction and office sites, as well as land usage.

New policies and personnel training for innovations
involving an integration between the medical and industrial
fields should be implemented. This combination of the fields
of medicine and industry will become the new model of
interdisciplinary medical research and an important method
for the development of modern medicine.”” However, to
implement joint medical-industrial innovations, new biome-
dical engineering talents will be needed. Such talents should

combine science, engineering, and medical knowledge, and
the knowledge of other relevant disciplines, to benefit from

the “1+1 is greater than 2 principle”.*®

Policy Suggestions Under the ST
(Strengths and Threats) Thinking Mode

It is important to increase investments in R&D and encou-
rage investments and acquisitions to strengthen China’s
weak links. The provision of professional services for the
technological innovations of SMEs with technical service
platforms as support, should be considered.

The enterprises with successful experience should be
encouraged to develop as platforms or incubator enterprises
to provide services to assist others in reducing product R&D
cycles and speeding up the marketing of innovative products.
These specialized services will encourage and support the
technological innovations of SMEs.

By focusing on key industrial chains and using leading
enterprises to drive the upstream and downstream support
of SMEs, particularly “professional, refined, special, and
innovative” SMEs, major progress can be achieved. At the
same time, high-grade, precision, and advanced industrial
products can be developed and the so-called technological
“no man’s land” can be explored. Therefore, it is recom-
mended that vigorous support should be given to the basic
development of supporting industries, which are related to
the industrial and innovation chains of high-end medical
devices, and to realizing high-scale production and high-
level professional divisions of labor. These measures will
not only be conducive to improving China’s high-end
medical device industry, but also the global industry.

International standards are of major significance for
ensuring the safety and effectiveness of medical equipment
and improving the efficiency of supervision. China is
a member of the International Medical Device Regulators
Forum. In the future, China will improve its consistency
with international standards and promote mutual recogni-
tion using these international standards. At the same time,
China should strive to reduce the frequency with which
relevant laws and standards are revised and establish an

effective revision mechanism.?®

Policy Suggestions Under the WT

(Weaknesses and Threats) Thinking
Mode

To promote medical equipment innovations, it is important
to simplify the review and approval procedures and open
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up socialized review and approval processes. In 2018, the
Chinese government abolished the compulsory registration
and inspection of high-end medical devices. This helped
spur enterprises to take responsibility for and improve
their self-inspection abilities. However, there remains
room for reform to address such problems as the lengthy
application and registration times for high-end medical
equipment, the long queues for approval, and the difficul-
ties in being added to lists approving the fees that can be
charged by public hospitals and lists approving medical
insurance coverage.

We suggest that some public review and approval
links should be opened up as soon as possible. There is
much to be learned from the management experience of
the United States and the European Union in regard to
optimization and defining the catalog of Class III medi-
cal devices. In addition, there is valuable information
available regarding piloting the separation of testing,
evaluations, and certification of Class III medical
devices, as well as handing over product testing to pro-
fessional market-oriented testing institutions. This would
allow enterprises to perform self-testing to meet the
formulations of extremely strict regulatory measures
and reduce the excessive backlog of medical equipment
awaiting registration. Severe punishment would be
imposed in the case of fraud by testing institutions and
enterprises. More third-party testing institutions can be
authorized to test Class III medical devices, and the
technical approval processes can be transferred to some
provinces and cities on a pilot basis before being
checked and certified by relevant national departments.

Medical insurance departments should ensure innovative
medical device products with registration certificates are
brought into the catalog in a timely manner, and stipulate
that once these devices enter one catalog, they can automa-
tically enter the catalogs of other provinces and cities. Then,
more third-party professional medical device testing institu-
tions that have been qualified in accordance with legal
procedures can be authorized to test Class III medical
devices and ensure appropriate service and supervision.

Reform of the review and approval systems should be
undertaken to accelerate the market applications of new
products. When updating established products, or introdu-
cing foreign technologies that have been clinically tested,
the National Medical Products Administration can learn
from the review system of the founding countries of the
Global Harmonization Task Force to further improve pre-
consultation systems and reduce unnecessary approval

delays. In addition, for products that are already approved
by the Global Harmonization Task Force, the approval
procedures in China should be simplified.?

As the use of any medical device involves a certain
degree of risk, it is important to balance innovation with
safety during high-end medical equipment production.
Risk management activities should be conducted during
the entire life cycle of a high-end medical device, and risk
management teams should be established. In other words,
risk identification processes should be carried out and
corresponding risk management plans should be made
during the planning, design, and development stages of
the equipment. When formulating risk acceptability cri-
teria, consideration should be given to the capacity and
cost, and a risk—return balance accepted by all parties
should be established. Risk assessments should be con-
ducted according to the acceptable risk criteria of all
parties to determine whether control measures are needed
and what measures should be taken to reduce and control
risks. At the same time, attention should be paid to
improving the emergency reserve mechanisms of high-
end medical devices, as well as clarifying the main respon-
sibilities of the manufacturers, business units, and users of
the medical devices. In addition, regulations should make
it mandatory to report any adverse events associated with
medical devices.

We recommend that the registration approval rules and
standards, as well as the authority and responsibilities of
the approval personnel, should be further clarified and
made transparent. Approval personnel should be exempted
from responsibility as long as they have followed the
corresponding procedures to avoid any adverse effects of
a “whoever approves is responsible” culture on approval
personnel and approvals. In addition, policies should be
implemented to ensure that the enterprises that produced
the high-end medical equipment are responsible for any
adverse events after the equipment enters the market,
rather than the equipment inspection parties being held
responsible. At the same time, hospital ethics committees
should focus on protecting the rights and interests of
clinical trials, and provincial management departments
should organize experts to evaluate the effectiveness of
the clinical trials of Class III medical devices.

The
Management of the Monitoring and Reevaluation of

implementation of the “Measures for the
Medical Device Adverse Events” should be actively pro-
moted, and the construction of systematic and complete
adverse event monitoring systems, with clear responsibilities
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and divisions of labor, should be accelerated. The production
enterprises should be supervised and urged to register as
system users. In addition, the primary responsibilities of
the enterprises, along with their reporting responsibilities,
should be further clarified. There is a need to strengthen the
current systems for analyzing and controlling daily detected
risk signals and ensure that a closed-loop management of
risk signals is effectively carried out. Improvements to the
information systems and early warning signal rules are
necessary to further enhance risk discovery, risk analysis,
early risk warnings, and risk disposal processes. As a result
of the strengthening of the monitoring and disposal pro-
cesses, control measures for adverse events found during
the monitoring processes—such as early warnings, inspec-
tions, repairs, re-labeling, modifications of instructions, soft-
ware upgrades, replacements, recovery, and destruction—
can be carried out according to the degree of harm and
causes of the adverse events, with any potential risks quickly

resolved.”

Analysis of the Development
Strategy of China’s High-End
Medical Equipment Industry Based

on an ANP-SWOT Model

Step 1: Build the network hierarchy

Taking the development of China’s high-end medical
equipment as the overall goal, and using the 14 influencing
factors as the criterion layers, a network hierarchy diagram
of China’s high-end medical equipment development was
constructed, using a strategic plan formulated by a SWOT
matrix as the scheme layer, as shown in Figure 2. Experts
were invited to determine the relationships between the
factors, as shown in Figure 3.

Step 2: Evaluation of the importance of influencing
factor sets

Using an expert consultation method, a number of
experts in the field were selected and invited via
a questionnaire survey to score the levels of importance
of the influencing factors for the index system. Then, the
scoring results were discussed and summarized internally
to obtain the pairwise discriminant matrix and weight
values, as detailed in Table 2.

MATLAB software was used to calculate the maxi-
mum eigenvalue A,y = 4.0788 of the judgment matrix
S. In addition, to test the consistency of the judgment

matrix, the consistency index was calculated as follows:

dmax — 1 4.0788 — 4
Cl = =
4-1

= 0.0263
n—1

The average random consistency index was R/ = 0.9,
and the random consistency ratio was determined using the
following equation:

_ G 00263 ) h05<0 10
RI

R
¢ 0.89

In summary, it was considered that the results of the
analytical hierarchy process had satisfactory consistency.
That is to say, the distribution of the weight coefficients
was very reasonable.

Step 3: Study and judge the levels of importance of the
influencing factors

First, we assumed that there were no dependence or
feedback relationships between the influencing factors.
The pairwise comparison matrix of the influencing factors
is shown in supplementary Tables S3 to S7. The weights
of the influencing factors ®; obtained under the assumed
conditions are detailed in Table 3.

Now, assuming that there are dependence and feedback
relationships, the pairwise comparison matrix of the rele-
vant factors is shown in supplementary Tables S7 to SI1.
The matrix is in accordance with the relationships between
the internal and external influencing factors given in
Figure 3. The obtained relative importance weights were
used to generate the unweighted super-matrix ,, as
shown in Table 4.

Then, the weights ®g,cior of the 14 internal and external
factors under the overall goal were obtained as follow:

Ofactor= W' = (0.1425;0.0237;0.069;0.0382;0.0795;
0.1169;0.1085;

0.0813;0.1773;0.1418;0.0197;0.0676;0.011;0.009)"

As determined from the weight values, the most
influential factor for China’s medical equipment industry
development was national policy support for high-end
medical equipment (0.1773). In addition, this factor was
an important reason explaining why China attaches
major importance to R&D in medical equipment and
has recently achieved an increasing market share in
this industry.

In exploring the adverse factors for the development
of medical equipment in China, the following stood out:
the shortage of core technology and parts of high-end
medical equipment (0.1169); the lack of innovative abil-
ities of the enterprises themselves (0.1085); the late start
of the high-end medical equipment industry in China
and the monopolization of the domestic market by

Risk Management and Healthcare Policy 2021:14

3051

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=306907.doc
https://www.dovepress.com/get_supplementary_file.php?f=306907.doc
https://www.dovepress.com/get_supplementary_file.php?f=306907.doc
https://www.dovepress.com/get_supplementary_file.php?f=306907.doc
https://www.dovepress.com
https://www.dovepress.com

Zhang and Rao

Dovepress

i g of key problems of
the national system

SO strategy

Shortage of core technology and parts of high-end

Strength (S)

Development of high-
end medical equipment
in China

Weakness (W)

Opportunity (O)

medical equipment (W.

National policy support (O,)

Threat (T)

Layout of medical equipment in science and

l’).“\
/u’,‘:::s\

WT strategy

The centralized government procurement is subject to
dealer channel monopol

Figure 2 Hierarchical structure of China’s high-end medical equipment development network.

Figure 3 Relationships between the internal and external factors.

multinational companies (0.0795); and the long registra-
tion and review cycle for innovative high-end medical
equipment (0.0676). Among these factors, the shortage
of core technology and components for high-end medi-
cal equipment and the enterprises’ lack of innovative
abilities were considered to be the key factors restricting
the innovation and development of China’s high-end
medical equipment industry. Therefore, it is necessary

to diversify capital investment and establish a national
policy guarantee system, as well as to strengthen the
investments in China’s high-end medical equipment.
Furthermore, enterprises should be required to take rea-
sonable measures to avoid risks according to the char-
acteristics of R&D, transformation, and approval of
medical devices based on the development of the exist-
ing medical device industry.

https://doi.org/10.2147/RMHP.S306907
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Table 2 Pairwise Comparison Matrix of the Various Influencing Factor Sets Under the Overall Goal

Strength (S) Weakness (W) Opportunity (O) Threat (T) Weight
Strength (S) | 1/3 2 3 0.2409
Weakness (W) 3 | 3 5 0.5272
Opportunity (O) 12 1/3 | | 0.1295
Threat (T) 1/3 1/5 | | 0.1024

Step 4: Evaluation of the strategic alternatives
By taking each influencing factor as the criterion,
four strategic alternatives were evaluated, as detailed

in supplementary Tables S12 to S25. The weights of

Table 3 Weights of the Influencing Factors

the alternatives under each influencing factor were
used to form matrix ®3;, and then the weight values
Oprotocol O the alternatives were obtained as shown
below:

Index Weight | Index Layer Weight | Comprehensive
Layer Weight (o))
Strength 0.2409 Address the difficult problems in the core technology of high-end medical equipment | 0.5161 0.1243
(S through a national system
Some influential industry giants exist in the international high-end medical equipment | 0.0983 0.0237
market
Trends for the integration of industry and medicine are significant, with large 0.227 0.0547
hospitals cooperating with enterprises to carry out clinical verifications and scientific
research
The main investors in the high-end medical equipment industry are more diversified, | 0.1586 0.0382
and many large private enterprises are involved
Weakness 0.5272 The domestic high-end medical equipment industry started late, and the domestic 0.5263 0.2775
w) market was monopolized by multinational companies
There is shortage of core technology and components for high-end medical 0.2217 0.1169
equipment
The innovation abilities of the enterprises themselves are weak, and joint innovations | 0.156 0.0822
among different subjects are insufficient
The transformation rates of science and technology achievements in scientific 0.096 0.0506
research institutes during the |4th Five-Year Plan is low
Opportunity | 0.1295 National policy support for the high-end medical equipment industry 0.6667 0.0863
(®)
©) The government’s 14th Five-Year plan for science and technology will lay out the 0.3333 0.0432
major fields of medical equipment
Threat (T) 0.1024 Under the background of trade friction, the research and development abilities of 0.192 0.0197
enterprises facing diversified markets are weak
Lengthy registration and review cycles for innovative high-end medical equipment 0.6127 0.0627
The lack of supervision of medical equipment after entering the market is prone to | 0.1077 0.0110
adverse events
Government centralized procurements are restricted by the dealer monopolies in 0.0876 0.0090
the sales channels and shortages in the domestic medical equipment market
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Table 4 Unweighted Super-Matrix

w Si S2 S3 S4 Wi w2 w3 w4 ol o2 TI T2 T3 T4
Sl | 0.3333
S2 |
S3 I 0.3333
S4 I
Wi | 0.4554 0.25
W2 |
W3 0.1409 | 0.5
W4 0.2628 |
Ol 0.5 | 0.6667
02 0.5 0.6667 |
TI |
T2 0.1409 0.25 |
T3 |
T4 |
o3=[
0.4829 04512 0.0833 0.1615 04829 0.1377 0.0833 04829 025 0.1615 04829 0.3334 0.0833 0.2
0.157  0.2609 0.0833 0.0601 0.157 0.4486 0.0833 0.157 025 0.0601 0.157 0.3334 0.0833 04
0.272 0.1689 0.4167 04906 0.272 0.1258 0.4167 0.272 0.25 04906 0272 0.1666 0.4167 02
0.0882 0.119 04167 0.2878 0.0882 02879 04167 0.0882 0.25 0.2878 0.0882 0.1666 04167 0.2
] Conclusions and Discussion
SO 0.2962 China’s anti-epidemic plan has achieved remarkable
o ST o 0.2063 results. As a large manufacturing country, China has
)protocol = = W3.Wfactor — . . .
wo 0.3308 made efforts to supply basic medical materials and pro-
wr 0.2527

From the weight values of the strategic alternatives, it
was determined that the WO strategy mode was the best
strategy mode for the development of China’s high-end
medical equipment industry. The WO strategy includes
speeding up the construction and improvements of tech-
nological innovation systems that are enterprise-
dominated, market-oriented, and involve joint industry—
university research., as well as increasing the financial
support for R&D and industrialization. In addition, strong
support by the government through appropriate policies
and measures concerning taxes, medical insurance, talent,
and land usage is the key to the development of China’s
high-end medical equipment industry under the WO

strategy.

duce high-end medical equipment.

In addition, with the regular epidemic prevention and
control, China’s high-end medical equipment industry will
have good development opportunities. Assuming that the
state gives continuous attention to scientific research in
future, the key problems will be resolved under a new
national system. Furthermore, with the active support of
various policies, guaranteed capital investment, and the
efforts of enterprises to carry out independent R&D,
China’s domestic medical device industry is expected to
have a promising future in terms of becoming an indepen-
dent and autonomous high-end industry.

In other words, for China’s high-end medical equip-
ment industry to achieve independent innovation and

control of the entire industry chain, development cannot
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be rushed. Breakthroughs will be achieved by strengthen-
ing the technological innovation abilities of SMEs, and
by gradually conquering and mastering the core technol-
ogy. Therefore, full attention should be given to the
advantages of a new national system and the current
super large-scale market, while adhering to the decisive
role of the market in the allocation of resources. Domestic
enterprises should play a leading role, and clinical
demands used as guidance, to improve the organizational
mechanisms for medical equipment innovations and
enhance the ability of both the leading enterprises and
the SMEs in technological innovation. In addition, coop-
eration between the fields of medicine and industry
should be further strengthened and international coopera-
tion should be enhanced. Finally, the applications of Al,
5@, and other new technologies should be priorities in the
near future.’
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